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为制备 TiO2 薄膜常用的方法之一。Sol-gel 法制得的纳米 TiO2 薄膜，一般经过
450～550 ℃热处理，且在晶型、薄膜厚度、均匀度等方面均难以控制(本文称之
为传统 sol-gel 法)，使 TiO2 薄膜的应用受到一定限制，进一步的影响产业化发展。
近几年来，低温制备 TiO2 薄膜的研究正在兴起。目前在低温下获得透明的、具
有锐钛矿晶型的 TiO2 薄膜主要方法是用 sol-gel 法直接制备具有锐钛矿晶型的溶
胶，然后涂覆成膜，本文称此方法为改进的 sol-gel 法。 
本文采用锐钛矿晶型的纳米 TiO2 液，浸渍－提拉（dip-coating）成膜，经低
温（100℃、150℃）热处理，制备纳米 TiO2 薄膜，避免了传统的较高温热处理
所带来的不利因素；且锐钛矿型 TiO2 溶液的应用，克服了传统 sol-gel 法制膜的
弊端，从而推进了 TiO2 薄膜产业化发展。用阶梯厚度仪、XRD、SEM、XPS、
AFM、UV-Vis 吸收光谱和紫外可见分光光度计等分析测试技术对 TiO2 薄膜进行
了表征。主要研究进展及成果如下： 
1. 用 TiCI4 作钛源，在 100 ℃水浴回流 7～10 h 下，成功制备出具有锐钛矿晶型、
针状的 TiO2 溶胶，平均晶粒尺寸大小为 15～40 nm。 
2. 用改进的 sol-gel 法和浸渍－提拉技术制备纳米 TiO2 薄膜，经低温热处理，制
备出单一锐钛矿晶型的纳米 TiO2 薄膜，薄膜表面均匀、致密，且薄膜与基片附
着牢固。 
3. 钛酸异丙酯（TTIP）水解而形成的玻璃态 TiO2 均匀分散在锐钛矿型 TiO2 晶
态中，形成的 TiO2 薄膜是类微晶玻璃态。 
4. 低温热处理并不会影响 TiO2 薄膜光催化活性。低温烧结制备的 TiO2 薄膜比
高温烧结制备的薄膜在紫外光下表现出较好光催化降解能力。 
5. 薄膜经染料叶黄素敏化改性，在紫外-可见吸收光谱表明，叶黄素敏化TiO2
















6. 敏化改性后的 TiO2 薄膜具有强的光催化活性。对亚甲基蓝溶液的光催化降解
比较彻底。 
 


















In recent twenty years, nanometer sized TiO2 is a promising semiconductor 
photocatalysis that has a variety of application in field of photocatalysis and 
dye-sensitized solar cell. The method of sol-gel is often used for preparation of 
nanometer sized TiO2 thin film, because it needs simple equipment and the grain size 
of TiO2 thin film prepared by this method has the advantage of pure crystal, small 
grain size and high photocatalysis. Pure and dense TiO2 thin film needs to be sintered 
at 450～550 ℃. But high sintering temperature and difficult control of the style of 
crystal, thickness and uniformity of the TiO2 thin film limits application of TiO2 thin 
film. In recent years, preparation of TiO2 thin film at low temperature has been 
developing. In order to get transparent and pure anatase TiO2 thin film, it is prepared 
anatase sol firstly and then dip-coating on the substrate by the method of sol-gel at 
present. 
In this work, The TiO2 thin film prepared by TiO2 solution with an improved 
sol-gel processing and then dip-coating on a glass substrate was sintered at 100℃ 
or150 ℃. The improved sol-gel processing successfully avoids the disadvantaged 
factor of conventional sol-gel method and impels the industrializative development of 
TiO2 thin film.  
In order to effectively make use of sunshine and expand the absorbency spectra of 
visible light of the TiO2 thin film, it is sensitized by Lutein. Sensitized thin film has 
better photocatalytic property at the spectra of visible light. 
The grain size, the thickness, the surface property, and the absorbency in UV–Vis 
spectra of the film were characterized by a surface profile and methods of X-ray 
diffraction, scanning electron microscopy, atomic force microscopy, X-ray 
photoelectron spectroscopy and UV–Vis spectrophotometry. The main results and 
progresses of this work are outlined as following:  
1. TiCI4 was slowly added to the acidic solution, then precipitated by adding ammonia 















distilled water to remove the CI-, added distilled water to disperse the precipitate 
homogeneously, and then kept under reflux condition for 10 h at 100 ℃. The pure sol 
with anatase TiO2 crysals was obtained. 
2. The TiO2 thin film prepared by an improved sol-gel processing and then 
dip-coating on a glass substrate was sintered at low temperature. The film is identified 
as pure anatase and the surface of the film is even and compact, The film has strong 
association degree with glass substrate. 
3. The TiO2 thin film is semin glass ceramics characters. In side its orphous TiO2 
obtained by hydrolysis of (CH3)2CHO)4Ti dispersed homogeneously among anatase 
TiO2 particles. 
4. TiO2 thin film has no effection of photocatalysis in a prepared factor of the film 
sintered at low temperature. Low-temperature sintered TiO2 thin film has better 
photocatalytic decomposition rates than the thin film sintered at 450 ℃ at UV 
radiation.  
5. Lutein sensitized low-temperature sintered TiO2 thin film. The UV-Vis absorption 
spectrum showed sensitized TiO2 thin film had high absorption bentween 350～600 
nm and the absorb range of sensitized TiO2 thin film was expanded from 387 nm 
(TiO2) to about 600 nm.  
6. Under the irradiation of visible light, sensitized TiO2 thin film showed high 
photocatalytic activity for the degradation of methylene bule. 
 













第一章 绪 论 
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个 Ti4+被 6 个 O2-构成的八面体所包围(如图 1.1 所示)，但二者八面体的畸变程
度和八面体间相互联接的方式不同。锐钛矿型的八面体呈明显的斜方晶畸变，而




型 TiO2 的质量密度为 4.250 g/cm3，略大于锐钛矿晶型（3.894 g/cm3）；其带隙为
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